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I. J. 



COMMUNICATIONS METHOD AND COMMUNICATIONS DEVICE 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a data communications 
5 method and a data communications device for setting optimum 
communication conditions between the communications devices 
for performing data communications with each other 

2. Description of the Related Art 7 

A communication speed between communications devices 

10 connected to a network depends upon, in addition to a 

communication performance in terms of hardware in the network, 
a clock cycle of a CPU incorporated into the communications 
device, a version of an OS , specifications of a bus connected 
to the CPU, an accessing speed to a memory from the CPU, and 

15 an execution efficiency of a communications driver for actually 
transmitting and receiving the data by accessing the network./ 
Further, the execution efficiency of the communications driver 
changes depending on an OS internal function different per 
version of the OS. The reason is that there might be a case 

20 in which the OS internal function for providing the function 
to a program from the OS ' changes per version of the OS. 

According to the prior art, a performance check is carried 
out when developing a communications driver, and parameters for 
exerting an influence upon the execution efficiency are 

25 adjusted and set, whereby the execution efficiency of the 
communications driver is optimized (which is called "tuning") . 
The parameters set when developed do not necessarily 
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continue to be optimum values due to an OS patch (which may be 
a partial modification of a so-called load module, i.e., an 
execution module consisting of a binary file) , a change in the 
CPU , a memory extension, etc.. 
5 Further, in such an environment that computer systems 

(nodes) different from each other are connected to the same 
network, it is required that the parameters of the 
communications driver be manually set per node . It is , however , 
difficult to actually do the manual setting. 

g 10 

!'* SUMMARY OF THE INVENTION 

f>* It is a primary object of the present invention, which 

a was devised to obviate the problems inherent in the prior art, 

l : y 15 to provide a function of automatically tuning a communication 
□ performance between communications devices connected to a 

PI network. / 

It is another object of the present invention to provide 
a function of periodically confirming and tuning the 
20 communication performance. / 

To accomplish the above objects, according to one aspect 
of the present invention, a communications method of performing 
communications by switching over a plurality of communication 
modes comprises f ollowings v The first is a step of measuring 
25 a communication performance based on each of the communication 
modes under a plurality of communication conditions. The second 
is a step of obtaining, per communication condition, a 
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condition-based optimum communication mode in which the 
communication performance in the specific communication mode 
exceeds a communication performance in other communication mode . 
The third is a step of selecting the condition-based optimum 
5 communication mode in accordance with the communication 
condition when in communications , and thus performing the 
communications . 

According to another aspect of the present invention, a 
V communications method in the plurality of communications 

lj f 10 devices each having a storage unit and capable of changing a 
^ maximum data size as a basis for a data transfer comprises 

H; f ollowings v The storage unit of the communications device is 

N : operated with a different operation quantity. Then a completion 

5- time of the operation is measured. Then a change in the 

fH 15 completion time with respect to a change in the operation 
q quantity is obtained. Finally the maximum data size is 

i ; 5 determined within a range of the operation quantity in which 

the change in the completion time is within a predetermined 
value, thus performing the data communications ./ 
20 A result of this measurement or the maximum data size 

determined are exchanged between the plurality of 
communications devices connected to the network, and the 
maximum data size may also be determined in common between the 
plurality of communications devices. . 
25 According to another aspect of the present invention, a 

communications device comprises f ollowings . The first is a 
network driving module for transmitting data to a network and 
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receiving the data from the network The second is a control 
module for controlling communications by transferring and 
receiving the data to and from the network driving module v The 
third is a plurality of storage areas used for transferring and 
5 receiving the data between the network driving module and the 
control module y The forth is a performance measuring module for 
measuring a data transferring/receiving time when transferring 
and receiving data having a different data size between the 
^ network driving module and the control module by use of the 

».g 10 plurality of storage areas v The fifth is an optimum area 
q obtaining module for obtaining an optimum storage area in which 

lj the data transferring/receiving time per data size using the 

\Z specific storage area is under a data transferring/receiving 

^ time per data size using other storage area. The sixth is a 

l *i 15 selection module for selecting the optimum storage area in 
;f accordance with the data size when in communications. 

3 According to still another aspect of the present 

invention, a readable-by -computer recording medium is recorded 
with a program for communications by switching over a plurality 
20 of communication modes. / And the program comprises the following 
steps. / The first is a step of measuring a communication 
performance in each of the communication modes under a plurality 
of communication conditions. The second is a step of obtaining, 
per communication condition, a condition-based optimum 
25 communication mode as a communication mode in which the 

communication performance in the specific communication mode 
exceeds a communication performance in other communication mode . 
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The third is a step of selecting the condition-based optimum 
communication mode in accordance with the communication 
condition when in communications , and thus performing the 
communications, y 
5 According to a further aspect of the present 

invention, a readable-by -computer recording medium is recorded 
with a program for communications by temporarily storing 
storage unit with transfer data restricted to a maximum data 
size as a basis for a data transfer. And the program comprises 

10 the following steps . The first is a step of operating the storage 
unit with a different operation quantity. The second is a step 
of measuring a completion time of each operation. The third is 
a step of obtaining a change in the completion time with respect 
to a change in the operation quantity. The forth is a step of 

15 determining the maximum data size within a range of the 

operation quantity in which the change in the completion time 
is within a predetermined value, and thus performing the 
communications . f 

As explained above, according to the present invention, 

20 the data communications are carried out based on the plurality 
of communication modes under the plurality of communication 
conditions between the communications devices connected to the 
network , and the communication performance in each 
communication mode under every communication condition, is 

25 evaluated./ As a result, the optimum communication mode under 
each communication condition is obtained, and the optimum 
communication mode is selected based on the communication 
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condition when in communications. Accordingly, the 
communication performance between the communications devices 
connected to the network is automatically tuned. / 

Further, according to the present invention, the 
5 completion of the operation when operating the storage unit of 
the communications device with a plurality of operation 
quantities is measured. Then the maximum data size in the data 
communications is determined based on the measured completion 
: time, whereby the communication performance is automatically 

10 tuned. 

Moreover, according to the present invention, in the case 
n of transferring and receiving the data between the network 

?!* driving module and the control module, the data having a 

plurality of data sizes are transferred and received by use of 
15 a plurality of storage areas., As a consequence, an optimum 
O storage area is determined, and the optimum storage area used 

13 for the transferring and receiving the data is selected based 

on the data size when in the data communications. Hence, the 
communication performance is automatically tuned. 
20 The communication performance described above is 

periodically evaluated, and therefore the communication 
performance is periodically tuned. 

The computer reads the program recorded on the recording 
medium and executes this program, thereby carrying out the 
25 communications method of the present invention and providing 
a function as the communications device of the present 
invention . 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an architecture of hardware of a communications 
device in a first embodiment; 

FIG. 2 is a block diagram showing an architecture of a 
program executed in the communications device in the first 
embodiment; 

FIG. 3 is a diagram showing one example of a communication 

mode ; 

FIG. 4 is a diagram showing one example of a communication 

mode ; 

FIG. 5 is a diagram showing one example of a result of 
measuring a communication performance; 

FIG. 6 is a flowchart showing a procedure of selecting 
the communication mode in the first embodiment; 

FIG. 7 is a diagram showing one example of a result of 
measuring the communication performance; 

FIG. 8 is a diagram showing one example of the result of 
measuring the communication performance; 

FIG. 9 is a flowchart showing a procedure of selecting 
the communication mode in a modified example of the first 
embodiment ; 

FIG. 10 is a flowchart showing a procedure of selecting 
the communication mode in a modified example of the first 
embodiment ; 

FIG. 11 is a block diagram showing an architecture of a 
program executed in the communications device in a second 
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embodiment ; 

FIG. 12 is a diagram showing one example of a result of 
measuring the communication performance; 

FIG. 13 is a diagram showing one example of the result 
5 of measuring the communication performance; 

FIG. 14 is a block diagram showing an architecture of a 
program executed in the communications device in a third 
embodiment ; 

; FIG. 15 is a block diagram showing an architecture of a 

f 3 10 program executed in the communications device in the third 
:;y embodiment ; 

H FIG. 16 is a diagram showing one example of a result of 

H measuring the communication performance; and 

n FIG. 17 is a flowchart showing a procedure of selecting 

11 15 a buffer mode in the third embodiment. 

S DETAILED DESCRIPTION OF THF, PREFE RRED EMBODIMENTS 

Preferred embodiments of the present invention will 
hereinafter be described with reference to the accompanying 
20 drawings . 

(First Embodiment) 

Referring to FIGS. 1 through 6, a communications device 
in a first embodiment will be explained. FIG. 1 is a block 
diagram showing a hardware architecture of the communications 
25 device in the first embodiment. FIG. 2 is a block diagram 
showing a program architecture of the communications device. 
FIGS . 3 and 4 are diagrams each showing a communication mode 
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between a communications device 1 and another communications 
device la which are illustrated in FIG. 2. FIG. 5 is a chart 
showing an example of measured results (corresponding to a 
communications performance) of a communication time between the 
5 communications device 1 and the communication device la. FIG. 
6 is a flowchart showing processes by a communications driver 
4 shown in FIG. 2. 

<Construction> 

] FIG. 1 is the block diagram showing the hardware 

if 10 architecture of the communications device 1 in t the first 

embodiment. The communications device 1 includes, a CPU 11, 
H a memory 12 (corresponding to a storage unit) for storing a 

program executed by the CPU 11 and data used in the CPU 11, and 
* a communications board 13 controlled by the CPU 11 for 

ft! 15 performing communications with the communications device la on 
13 a network. The communications device 1 is connected via the 

Q communications board 13 to the network 2 , and constitutes a node 

#0 on the network 2. The communications device 1 implements 
the data communications with the other communications device 
20 la constituting a node #1 on the network 2. 

FIG. 2 is the block diagram showing the architecture of 
the program executed by the CPU 11 of the communications device 
1 in the first embodiment. In the communications device 1, as 
shown in FIG. 2, the memory 12 has an OS 3 (corresponding to 
25 a control module) for controlling the data communications and 
a communications driver 4 (corresponding to a network driving 
module) operated by the OS 3. 



The OS 3 receives the data from an unillustrated 
application program executed by the CPU 11 in the data 
communications with the communications device la connected to 
the network 2 . The OS 3 transfers the data to the communications 
driver 4, and controls the data communications. 

The communications driver 4 has a SEND mode module 5 for 
executing communications based on a SEND mode, a SEND-GET mode 
module 6 for executing communications based on a SEND-GET mode, 
an evaluation engine 7 (corresponding to a performance 
measuring module and a optimum mode obtaining module) for 
evaluating a communication performance of each of the SEND mode 
module 5 and the SEND-GET mode module 6 , a node information table 
8 for storing results of evaluation by the evaluation engine 
7 , and a selection module 9 . 

The communications driver 4 accepts a communication 
request from the OS 3. Based on this communication request, the 
communications driver 4 transmits the communication data to the 
network 2 or receives the communication data from the network 
2. On this occasion, the communications driver 4 selects any 
one of the communication modes handled by the SEND mode module 
5 and the SEND-GET mode module 6, and transmits and receives 
the communication data. 

The SEND mode module 5 is a module of the communications 
driver 4, which performs the communications based on the SEND 
mode. The SEND mode is herein defined as a communication mode 
of directly transferring, as shown in FIG. 3, the data to the 
receiving-side communications device la from the 



transmitting-side communications device 1. 

On the other hand, the SEND-GET mode module 6 is a module 
of the communications driver 4, which performs the 
communications based on the SEND-GET mode. The SEND-GET mode 
is herein defined as a communication mode in which the 
receiving-side communications device la, as shown in FIG. 4, 
reads the data from the transmitting-side communications device 
1. Therefore, to start with, the transmitting-side 
communications device 1 transmits only a header of the 
communication data to the receiving-side communications device 
la, and a data address is designated on the memory 12 in the 
communications device 1. Subsequently, the receiving-side 
communications device la reads the data from the designated 
address on the memory 12 of the transmitting-side 
communications device 1 . 

According to the SEND mode, the data transfer is completed 
by one transmitting/receiving process via the network 2. By 
contrast, the SEND-GET mode requires two 

transmitting/receiving processes via the network 2. While in 
the SEND mode, there might occur an extra process of copying 
the communication data via a transmitting/receiving buffer 25 
in the communications drivers 4 or the OSs 3 in the 
transmitting-side communications device 1 and the 
receiving-side communications device la. By contrast, 
according to the SEND-GET mode, the communication data are read 
directly from the memory 12 of the transmitting-side 
communications device 1 and transferred to the receiving-side 
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communications device la. Hence, there occurs no extra process 
of copying via the communications oriented buffer. Generally 
speaking, it is therefore difficult to determine which 
communication mode is more advantageous. 

5 The evaluation engine 7 evaluates communication 

performances in terms of evaluating a communication time 
(communication speed) when the SEND mode module 5 and the 
SEND— GET mode module 6 perform the communications . 

FIG. 5 exemplifies evaluation results. FIG. 5 shows one 

10 example of the results of measuring the communication time in 
each of the SEND mode and the SEND— GET mode by varying a data 
size. Referring to FIG. 5, the communication time based on the 
SEND mode is shorter than the communication time in the SEND-GET 
mode till the communication data size is 1024 bytes. With 

15 respect to a data size exceeding 2048 bytes, however, the 

communication time based on the SEND-GET mode is shorter than 
the communication time in the SEND mode. Such being the case, 
the communications device 1 (and the communications device la) 
switches the SEND mode and the SEND-GET mode for use. 

20 The data size, i.e. , 2048 bytes in this example, serving 

as a criterion for such a judgement may be called a threshold 
value. The evaluation engine 7 writes to a node information 
table 8 both of this threshold value and a communication mode 
(the SEND mode in the measured result in FIG. 5) that should 

25 be used for a data size under the threshold value . A combination 
of the threshold value and the communication mode which should 
be used for the data size under the threshold value, corresponds 
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to a condition-based optimum communication mode. 

The selection module 9 reads the threshold value measured 
by the evaluation engine 7 from the node information table 8 
as described above, and judges whether or not a communication 
5 data size is equal to the threshold value or under. As a result, 
the selection module 9 selects one of the SEND mode and the 
SEND-GET mode, thus switching the communication mode. 
<Example of Operation> 

Next, an example of the operation of the communications 

10 device 1 shown in FIG. 2 will be explained. In^ advance of 
performing the communications, the evaluation engine 7 of the 
communications driver 4 judges whether or not the threshold 
value has already been set for the data communications with the 
communications device la serving as a co-communication node. 

15 Therefore, the evaluation engine 7 reads contents of the node 
information table 8. As a consequence, if the threshold value 
for the data communications with the communications device la 
is not yet set (viz. , the communications device 1 performs the 
communications with the communications device la for the first 

20 time) , the evaluation engine 7 measures beforehand a time of 
communications with the communications device la as shown in 
FIG. 5. Then the evaluation engine 7 writes a result of this 
measurement (a threshold value and data for indicating which 
communication mode is more advantageous if under the threshold 

25 value) to the node information table 8. 

Next, the data communications are actually carried out 
in accordance with the flowchart shown in FIG . 6 . To begin with , 



the selection module of the communications driver 4 reads the 
threshold value and the communication mode (the SEND mode in 
the first embodiment) that should be used when under the 
threshold value from the node information table 8 (step 101 
which will hereinafter be abbreviated to S101) . Next, the 
selection module 9 of the communications driver 4 compares a 
communication data size with the threshold value (S102) . If 
the communication data size is under the threshold value, the 
communications driver 4 performs the communications in the SEND 
mode (SI 03) . Whereas if the communication data size is over 
the threshold value, the communications driver 4 performs the 
communications in the SEND-GET mode (S104) . 

Thus, the communications driver 4 automatically selects 
an optimum communication mode corresponding to the 
communication condition (which is the communication data size 
in this case) , and hence the communication speed can be 
increased. 

<Modified Example> 

In accordance with the first embodiment, there is 
determined the threshold value for switching the communication 
mode from the SEND mode to SEND-GET mode and vice versa, and 
the communication mode is switched over based on whether or 
not the communication data size is under the threshold value. 
The threshold value is not limited to one single value. For 
example, if the result shown in FIG. 7 is obtained as a 
communication time, the SEND mode communications are more 
advantageous when the data size is less than 2048 bytes 
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(threshold value 1) than in the SEND-GET mode. Further, if the 
data size falls within a range of 2048 bytes through 16384 bytes 
(threshold value 2) , the communications in the SEND-GET mode 
are more advantageous . Moreover, if the data size exceeds 16384 
5 bytes, the SEND mode communications again become more 
advantageous . 

In such a case, as shown in the flowchart in FIG. 9, there 
are retained a plurality of threshold values for segmenting the 
data size into a plurality of data fields, and the communication 

10 mode may be determined by comparing the communication data size 
with the plurality of threshold values. 

When the number of threshold values increases, in a 
process of making a plurality of judgements as shown in the 
flowchart in FIG. 9, the communication speed becomes rather 

15 lower due to a processing time for that judgement. This being 
the case, there is provided a table containing entries each 
consisting of, e.g. , 256 bytes as a basic unit of data size as 
shown in FIG. 8 . Then, in accordance with the following formula 
(1) , the selection module 9 determines which entry the 

20 communication data size corresponds to, and may select the 
communication mode described in the entry indicated by that 
entry number. 

Table Entry Number « Communication Data Size/Data Size 
Unit (Formula 1) 

25 FIG. 10 is a flowchart showing processes based on those 

entry numbers in that table. 

The first embodiment has exemplified the SEND mode 



communications and the SEND-GET mode communications by way of 
the communication modes . The embodiments of the present 
invention are not, however, limited to those communication 
modes. In short, according to the present invention, at first, 
the data communications are previously implemented under the 
plurality of communication conditions between the plurality 
of communications devices capable of performing the data 
communications based on the plurality of communication modes, 
thereby measuring the communication time in each of the 
communication modes. Next, the communication mode in the 
actual communications is determined based on the measured 
result. Accordingly, the present invention is not confined to 
the communication mode itself. 

Further, the communication mode is not restricted to the 
above two categories in order to carry out the present invention . 
Namely, if the communication modes for use are written 
beforehand to the entries in the table as shown in FIG. 8, a 
communication mode conceived optimal may be selected from three 
or more communication modes . Then the communications can be 
performed in this selected mode. 

The communications device in the first embodiment uses 
the communication data size as the communication condition. 
However, instead of the data size, for instance, a communication 
time zone, a version of the OS 3 of the communications device 
la as a co-communication node, etc. may also be used as 
communication conditions . That is , the communication time (or 
communication speed) is previously measured for the above two 



communication modes under those communication conditions, and 
an optimum communication mode is obtained per communication 
condition. Then, the optimum communication mode may be 
selected based on the communication condition when effecting 
the actual communications . 

In the first embodiment discussed above, if the threshold 
value for the data communications with the communications 
device la serving as the co-communication node is not yet set 
in the node information table 8 (i.e. , the communications device 
1 performs the communications with the communications device 
la for the first time) , the evaluation engine 7 measures the 
communication performance. Even if the threshold value has 
already been set, and if there is a time-elapse over a 
predetermined time from a point of time when the setting has 
been done, the threshold value may also be set by re-measuring 
the communication performance. For attaining this, when 
setting the threshold value, the evaluation engine 7 reads a 
date and a time thereof from a calendar incorporated into the 
OS 3 and records these pieces of data in a memory 12. As in the 
first embodiment discussed above, the communication time (or 
communication speed) is measured when starting the 
communications, and it is preferable that the threshold value 
be set. The communication time (or communication speed) may 
be, however, measured during the communications. 
<Recording Medium Readably by Computer> 
The communications driver 4 executed by the CPU 11 in the 
first embodiment may also be recorded on a recording medium 



readable by a computer. The communications driver 4 is read 
and executed by the computer provided with the communication 
board 13 as shown in FIG. 1, whereby the functions of the 
communications devices 1, la shown in the first embodiment can 
be provided. 

The readable-by-computer recording medium herein 
embraces recording mediums, readable by the computer, for 
storing pieces of information such as data and programs 
electrically, magnetically, optically, mechanically and 
chemically . Among those recording mediums , what can be removed 
from the computer may be, e.g. , a floppy disk, a magneto-optic 
disk, a CD-ROM, a CD-R/W, a DVD, a DAT, an 8mm tape, a memory 
card, etc . . 

Further, the recording mediums fixed to the computer are 
a hard disk, ROM (Read-Only Memory) , etc. . 

<Computer Data Signal Embodied in Carrier Wave> 
Further, the communications driver 4 of the 
communications device 1 is stored in the hard disk or the memory 
of the computer, and can be distributed to other computers via 
the communication medium. In this case, the communications 
driver 4 is transmitted via the communication medium by way of 
computer data signals embodied in carrier waves. Then, the 
computer receiving the communications driver 4 can be thereby 
made to function as the communications device 1 in the first 
embodiment . 

The communication medium herein includes wire 
communication mediums (an optical communication cable, 



metallic cables including a coaxial cable and a twist paired 
cable, etc.), and wireless communication mediums (satellite 
communications, ground wave wireless communications, etc.). 

Further, the carrier wave is categorized as an 
electromagnetic wave for modulating the computer data signal , 
and includes the light and a DC signal. Accordingly, the 
computer data signal embodied in the carrier wave may have a 
broadband waveform modulated or a base band waveform 
unmodulated. That is, the computer data signal takes the base 
band waveform in the case of utilizing the DC signal having a 
voltage of 0 as a carrier wave. 
(Second Embodiment) 

A second embodiment of the present invention will be 
discussed with reference to FIGS. 11 through 13. FIG. 11 is 
a block diagram showing a program architecture in the 
communications device in the second embodiment. FIGS. 12 shows 
a result of measuring a time needed for allocating areas on the 
memory 12 (which is hereinafter termed a memory allocation) in 
the communications device 1 shown in FIG 11. FIGS. 13 shows a 
time needed for freeing the areas on the memory 12 (which is 
hereinafter referred to as memory free) (The memory allocation 
and the memory free correspond to operating a storage unit) . 

In the first embodiment discussed so far, the data 
communications are executed under the plurality of 
communication conditions between the plurality of 
communications devices capable of performing the data 
communications in the plurality of communication modes . And the 
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evaluation engine 7 measures the communication time based on 
each of the communication time. Then, based on the results 
thereof, the selection module 9 of the communications device 
determines the communication mode when in the actual 
5 communications . While on the other hand, the second embodiment 
deals with the communications device capable of varying a 
maximum data size defined as a basis for transferring the data 
in the data communications with other communications devices 
connected to the network 2 . The communications device 

10 determines the maximum data size as the basis for the data 
transfer in the data communications, from a time required for 
the memory allocation and a time needed for the memory free. 

The maximum data size as the basis for the data transfer 
is herein defined as a maximum size of the data transferable 

15 when implementing one single data transfer prescribed by the 
communication protocol as in the case of the maximum packet size 
in , e.g., Ethernet . 

FIG. 11 is the block diagram showing a program of the 
communications device 1 in the second embodiment. Referring 

20 to the block diagram in FIG. 11, the communications driver 4 
includes a memory allocation module 15, a memory freeing module 
16 (the memory allocation module 15 and the memory freeing 
module 16 in combination correspond to a storage unit operating 
module) , and a determination module 19 for determining the 

25 maximum data size . Other configurations and operations are the 
same as those in the first embodiment, and hence the same 
components are marked with the like numerals, of which the 
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explanations are herein omitted. Further, the hardware 
architecture in the second embodiment is the same as that in 
the first embodiment, and will be explained referring to FIG. 
1. 

5 Referring to FIG . 11, the memory allocation module 15 is 

executed by the communications driver 4. As a result, a memory 
area with an allocation size designated on the memory 12 of the 
communications device 1, is allocated. While on the other hand, 
the memory freeing module 16 frees a designated memory area 

10 segment in the memory area allocated by the memory allocation 
module 15. The evaluation engine 7 executes the memory 
allocation module 15 and the memory freeing module 16, and 
evaluates an execution time thereof. The evaluation engine 7 
corresponds to a performance measuring module and a calculation 

15 module. 

The determination module 19 determines the maximum data 
size based on this execution time, and writes the maximum data 
size to the node information table 8. Thereafter, the maximum 
data size is used as a basis for the data transfer in the 

20 communications driver 4. For example, if a data transfer 

request for data exceeding the maximum data size is given to 
the communications driver 4 , the data in the communications 
driver 4 is segmented into pieces of data each under the maximum 
data size, and thus transferred. 

25 FIGS. 12 and 13 show one examples in which the evaluation 

engine 7 executes the memory allocation module 15 and the memory 
freeing module 16 and evaluates the execution time thereof . FIG 
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12 shows the result of measuring the execution time when the 
evaluation engine 7 executes the memory allocation module 15 
by changing the allocation size on the memory. As shown in FIG 
12 , when the allocation size is set to 16253 bytes , the execution 
time increases by one or more digits as compared with allocation 
sizes under 16253 bytes. 

FIG. 13 shows the result of measuring the execution time 
by the evaluation engine 7 when the evaluation engine 7 executes 
the memory freeing module 16 to free the memory area segment 
allocated by the memory allocation module by varying the 
allocation size on the memory as described above. When the 
memory area segment with its allocation size set to 16253 bytes 
is freed, the execution time also increases by over one digit 
as compared with the allocation sizes under 16253 bytes, and 
an execution efficiency sharply declines. 

In the communications device 1 in the second embodiment, 
the determination module 19 obtains an allocation size (16253 
bytes in this case) with which the execution time when in such 
a memory allocation process or memory freeing process 
discontinuously changes to a deteriorated state, and retains 
this allocation size in the node information table 8. This may 
be determined by checking for every execution time whether or 
not a difference between the execution times changes by a fixed 
value or larger (or at over a fixed ratio) . 

This maximum data size is determined when the 
communications device 1 starts the communications with the 
communications device la serving as the co-communication node. 



- 23 - 



In the communications device 1, an operation oriented memory 
area (buffer area) for communications is allocated owing to the 
above maximum data size. Therefore, as a result of the setting 
described above , when performing the communications , the memory 
5 allocation and the memory freeing are done with such an 

allocation size that the execution efficiency does not decline. 
Accordingly, if the execution time relative to the memory 
allocation changes depending upon a change in version of the 
* OS 3, a change in the clock cycle of . the CPU 11 in the 

t: 2 10 communications device 1, an extension of the merrupry 12, etc. , 
12 it is feasible to prevent the concomitant decline of the 

^ execution efficiency of the communications driver 4. 

H f <Modified Example> 

5 = In the embodiment discussed above, the maximum data size 

O- 

S ! U 15 is determined based on the allocation size with which the 
O allocation time or the freeing time changes to the deteriorated 

S state. As a substitute for this method, the maximum data size 

may be determined based on such an allocation size that both 
of the allocation time and the freeing time change to the 
20 deteriorated state. 

In accordance with the embodiment discussed above, the 
maximum data size is determined when the communications device 
1, as explained above, starts the communications with the 
communications device la serving as the co-communications node. 
25 The maximum data size may also be, however, determined 

beforehand between the plurality of communications devices 
connected to the network 2. The maximum data size may be 
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determined so as to be common between the plurality of 
communications devices 1, la connected to the network 2. It may 
be done by exchanging the above-measured execution times for 
the memory allocation and for the memory freeing in each of the 
5 communications devices or the determined maximum data size in 
each of the communications devices. This common maximum data 
size may be determined by predetermined methods as a maximum 
value, a minimum value or an average value of the maximum data 
size determined in each of the communications devices. 

10 The embodiment discussed above has exemplified the case 

where the maximum data size as the basis for the data transfer 
in the communications is determined based on the execution times 
for the memory allocation and the memory freeing in the 
communications driver 4. However, the present invention is not 

15 limited to this embodiment. Namely, the maximum data size may 
also be determined based on an execution time for other 
operations (writing, reading, etc.) with respect to the memory 
12. 

Further, the embodiment discussed above has exemplified 
20 the case where the maximum data size as the basis for the data 
transfer in the communications is determined based on the 
execution times for the memory allocation and the memory freeing . 
Instead of this method, the maximum data size may be determined 
by a conversion into an execution speed conceived as a memory 
25 operation quantity (capacity of the memory allocation, etc.) 
per unit time, and by detecting a region of the memory operation 
quantity with which the execution speed discontinuously 



changes . 

In the embodiment discussed above, when the 
communications device 1 starts the communications with the 
communications device la as the co-communications node, the 
evaluation engine 7 determines the maximum data size by 
measuring the execution times for the memory allocation and for 
the memory freeing. As a substitute for this method, the 
evaluation engine 7 periodically measures these execution times, 
and may thus determine the maximum data size . The determination 
thereof may involve such a process that the timer ^ incorporated 
into the OS 3 periodically actuates the evaluation engine 7, 
and further the evaluation engine 7 starts up the determination 
module 19. 

<Recording Medium Readable by Computer> 
The communications driver 4 of the communications device 
1 in the second embodiment can be recorded on a readable- 
by-computer recording medium. The communications driver 4 is 
read and executed by the computer including the communication 
board 13 as shown in FIG. 1, thereby providing a function of 
each of the communications devices 1, la shown in the second 
embodiment . 

<Computer Data Signal Embodied in Carrier Wave> 
The communications driver 4 of the communications device 
1 is stored in the hard disk or the memory of the computer, and 
can be distributed to other computers via the communication 
medium. In this case, the program is transmitted via the 
communication medium by way of computer data signals embodied 



in carrier waves. Then, the computer receiving the 
distribution thereof can be thereby made to function as the 
communications device 1 in the second embodiment. 

The computer data signal embodied in the carrier wave may 
have a broadband waveform modulated or a base band waveform 
unmodulated (which implies a case of being modulated at a direct 
current having a voltage of 0) . 

(Third Embodiment) 

A third embodiment of the present invention will be 
described with reference to FIGS. 14 through 17. ^ FIGS. 14 and 
15 are block diagram each showing a program architecture in the 
communications device in the third embodiment. FIG. 16 shows 
one example of a result of measuring a data 
transferring/receiving time between the OS 3 and the 
communications driver 4 in the communications device 1 
illustrated in FIGS. 14 and 15. FIG. 17 is a flowchart showing 
processes of the OS 3 and of the communications driver 4 
illustrated in FGS . 14 and 15. 

In the third embodiment, the communications device 1 for 
tuning an access to an operation area (buffer area) used when 
in communications, will be explained. 

The communications device 1 shown in FIG. 14 has the 
memory including a demon defined as an application program for 
communications with another communications device la. Further, 
the communications device 1 includes a communication buffer 21 
serving as an operation area for storing the communication data 
transmitted and received by the demon 20, and a 
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transmitting/receiving data area 22 serving as an operation 
area of the communications driver 4. Other configurations and 
operations are the same as those in the first embodiment, and 
hence the same components are marked with the like numerals, 
5 of which the explanations are herein omitted. 

The communication buffer 21 shown in FIG. 14 is provided 
in a memory area (segmental area on the memory 12) managed by 
the OS 3. Accordingly, the communications driver 4 copies the 
data used for the transmission and receipt to the memory area 

10 managed by the OS 3 , thereby transferring and receiving the data 
to and from the OS 3. This process is hereinafter be called 
an OS buffer mode. 

On the other hand, a communication buffer 23 shown in FIG. 
15 is provided in a memory area (segmental area on the memory 

15 12) managed by the communications driver 4. When transferring 
and receiving the data between the communications driver 4 and 
the OS 3, a head address in the communication buffer 23 is 
transferred to the OS 3, and the data is inputted and outputted 
by use of the area thereof. This process is hereinafter called 

20 a driver buffer mode. 

It is recognized that a time required for transferring 
and receiving the data between the communications driver 4 and 
the OS 3 (and more essentially a communication time or 
communication speed) is influenced by buffer structure. The 

25 buffers based on the OS buffer mode and the driver buffer mode 
correspond to a plurality of storage areas. 

The demon 20, in a variety of architectures based on the 



OS buffer mode shown in FIG. 14 and the driver buffer mode shown 
in FIG. 15, implements the communications with the other 
communications device la via the OS 3 and the communications 
driver 4 while changing the data size. And the demon 20 measures 
the communication time (or communication speed) thereof. In the 
third embodiment, the demon 20 corresponds to a performance 
measuring module and an optimum area obtaining module. FIG. 
16 shows one example of a result of the measurement. 

Referring to FIG. 16, if the data size is less than 2048 
bytes, the communication time in the OS buffer mode is shorter 
than in the driver buffer mode . Whereas if exceeding 2048 bytes , 
the communication time in the driver buffer mode is shorter than 
in the OS buffer mode. Such being the case, the data size on 
the order of 2048 bytes may be called a threshold value as in 
the first embodiment. 

The demon 2 0 obtains the threshold value described above 
from the result of measuring the communication time as shown 
in FIG. 16 . Then the demon 20 sets in the node information table 
8 this threshold value and the buffer mode (the OS buffer mode 
in the example in FIG. 16) used in the communications for the 
data size under the above threshold value. A combination of 
the above threshold value and the buffer mode used in the 
communications for the data size under the threshold value, 
corresponds to an optimum storage area. 

On the other hand, when performing the communications, 
the OS 3 and the communications driver 4 determine referring 
to the node information table 8 whether the OS buffer or the 
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driver buffer should be used corresponding to the communication 
data size. Then the OS 3 and the communications driver 4 transfer 
and receive the data to and from each other. FIG* 17 is a 
flowchart showing a processing procedure of determining the 
5 buffer mode in the OS 3 and the communications driver 4 . A 
program (which implies the OS 3 and the communications driver 
4 in the third embodiment) for executing the processes in the 
flowchart shown in FIG. 17 corresponds to the selection module. 
1 The buffer mode exhibiting the shortest communication 

10 time (highest communication speed) is thus selected in 

accordance with the communication condition, and the data 
communications are carried out between the communications 
H device 1 and the other communications device la. 

- <Modified Example> 

fU 15 As discussed above , the threshold value of the 

O communication data size in the third embodiment is set in the 

p node information table 8, and, based on this threshold value, 

the OS 3 and the communications driver 4 determine the buffer 
mode. Instead of this method, the OS 3 (or the communications 
20 driver 4) may determine the buffer mode, and the communications 
driver 4 (or the OS 3) may be notified of a result of this 
determination . 

Note that a plurality of threshold values may also be 
provided as discussed in the first embodiment. Further, an 
25 entry number in the Table may be determined from the 

communication data size according to the formula 1 in the first 
embodiment, and the buffer mode for use may be designated in 



each entry in the Table. 

What has been discussed so far in the third embodiment 
is the communications device for effecting the communications 
by selecting an optimum buffer mode from the OS buffer mode and 
the driver buffer mode on the basis of the data size when in 
the communications. The embodiment of the present invention 
is not, however, confined to those buffer modes themselves. 
According to the present invention, the data of plurality of 
different data sizes are transferred and received via the 
respective buffers in the communications device capable of 
using the plurality of buffer modes (or buffer areas) . Then the 
transferring/receiving time thereof is measure beforehand. 
Then the optimum buff er mode per data size is obtained. Finally, 
the optimum buffer mode (or buffer area) is selected based on 
the data size when implementing the communications . Hence, the 
present invention does not depend upon the buffer mode itself. 

The third embodiment has exemplified the method of 
selecting the optimum buffer mode from the two buffer modes, 
however, the present invention is not limited to this method. 
For instance, the present invention can be carried out in the 
communications between devices capable of using three or more 
buffer modes. It is done by adopting the method of writing the 
optimum buffer mode to the entry of a table which is indicated 
by the entry number calculated from the formula 1 shown in the 
first embodiment. 

<Recording Medium Readable by Computer> 

The programs such as the communications driver 4 and the 
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OS 3 or the demon 20 in the communications device 1 in the third 
embodiment can be recorded on the readable-by-computer 
recording medium. The program recorded on the recording 
medium is read and executed by the computer including the 
5 communication board 13 as shown in FIG. 1, whereby the function 
of each of the communications devices 1, la shown in the third 
embodiment can be provided. Incidentally, there is no 
necessity for recording all the programs such as the 
communications driver 4 and the OS 3 or the demon 20 on the same 
10 medium. 

<Computer Data Signal Embodied in Carrier Wave> 
The programs such as the communications driver 4 and the OS 3 
or the demon 20 in the communications device 1 are stored in 
the hard disk or the memory of the computer, and can be 

15 distributed via the communication medium to other computers. 
In this case, the program is transmitted via the communication 
medium by way of computer data signals embodied in carrier waves . 
Then, the computer receiving the distribution thereof can be 
thereby made to function as the communications device 1 in the 

20 third embodiment. 

Herein, the computer data signal embodied in the carrier 
wave may have the broadband waveform modulated and the base band 
waveform unmodulated (which implies a case of being modulated 
at a direct current having a voltage of 0) . Note that there 

25 is no necessity for distributing all the programs such as the 
communications driver 4 and the OS 3 or the demon 20 via the 
communication medium. For example, the communications driver 
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4 or the OS 3 is recorded on the recording medium, and the demon 
20 may be distributed via the communication medium. 



WHAT IS CLAIMED IS: 

1. A communications method of performing communications 
by switching over a plurality of communication modes, 
comprising : 

measuring a communication performance based on each of 
the communication modes under a plurality of communication 
conditions ; 

obtaining a condition-based optimum communication mode 
in which the communication performance in the specific 
communication mode exceeds a communication performance in other 
communication mode per communication condition; and 

selecting the condition-based optimum communication mode 
in accordance with the communication condition when in 
communications , and thus performing the communications . , 

2 . A communications device for performing communications 
by switching over a plurality of communication modes, 
comprising; 

a performance measuring module for measuring a 
communication performance based on each of the communication 
modes under a plurality of communication conditions; 

a optimum mode obtaining module for obtaining a 
condition-based optimum communication mode in which the 
communication performance in the specific communication mode 
exceeds a communication performance in other communication mode 
per communication condition based on the measured communication 
performance ; and 
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a selection module for selecting the condition-based 
optimum communication mode in accordance with the communication 
condition when in communications . y 

3 . A communications method of temporarily storing storage 
unit with transfer data restricted to a maximum data size as 
a basis for a data transfer, comprising: 

operating said storage unit with a different operation 
quantity; 

measuring a completion time of each operation; 

obtaining a change in the completion time with respect 
to a change in the operation quantity; and 

determining the maximum data size within a range of the 
operation quantity in which the change in the completion time 
is within a predetermined value, and thus performing the 
communications . 

4. A communications device capable of changing a maximum 
data size as a basis for a data transfer, comprising: 

a storage unit for temporarily storing transfer data 
restricted to the maximum data size; 

a storage unit operating module for operating said 
storage unit with a designated operation quantity; 

a performance measuring module for measuring a completion 
time of each operation with said operation module operating said 
storage unit by designating a different operation quantity; 

a calculation module for obtaining a change in the 
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completion time with respect to a change in the operation 
quantity; and 

a determining module for determining the maximum data 
size within a range of the operation quantity in which the change 
5 in the completion time is within a predetermined value. 



5. A communications device comprising: 
a network driving module for transmitting data to a 
network and receiving the data from the network; 
10 a control module for controlling communications by 

transferring and receiving the data to and from said network 
driving module; 

a plurality of storage areas used for transferring and 
receiving the data between said network driving module and said 
15 control module; 

a performance measuring module for measuring a data 
transferring/receiving time when transferring and receiving 
data having a different data size between said network driving 
module and said control module by use of said plurality of 
20 storage areas; 

an optimum area obtaining module for obtaining an optimum 
storage area in which the data transferring/receiving time per 
data size using the specific storage area is under a data 
transferring/receiving time per data size using other storage 
25 area ; and 

a selection module for selecting the optimum storage area 
in accordance with the data size when in communications. 



6 . A readable-by -computer recording medium recorded with 
a program for communications by switching over a plurality of 
communication modes, said program comprising: 

a step of measuring a communication performance in each 
of the communication modes under a plurality of communication 
conditions ; 

a step of obtaining a condition-based optimum 
communication mode in which the communication performance in 
the specific communication mode exceeds a communication 
performance in other communication mode per communication 
condition; and 

a step of selecting the condition-based optimum 
communication mode in accordance with the communication 
condition when in communications, and thus performing the 
communications . 

7 . A readable-by -computer recording medium recorded with 
a program for communications by temporarily storing storage 
unit with transfer data restricted to a maximum data size as 
a basis for a data transfer, said program comprising: 

a step of operating said storage unit with a different 
operation quantity ; 

a step of measuring a completion time of each operation; 

a step of obtaining a change in the completion time with 
respect to a change in the operation quantity; and 

a step of determining the maximum data size within a range 
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of the operation quantity in which the change in the completion 
time is within a predetermined value, and thus performing the 
communications . 

5 8 . A communications device according to claim 2 , further 

comprising : 

means for storing the condition-based optimum 

communication mode, 
1 wherein said performance measuring module measures the 

;|J 10 communication performance in the communications with said other 
i: communications device if not stored with the condition-based 

optimum communication mode in the communications with other 

communications device when performing the communications with 

said other communications device, and 
p 15 said optimum mode obtaining module obtains the 

0 condition-based optimum communication mode. 

9. A communications device according to claim 4, wherein 
pieces of information on the operation quantity and the 
20 completion time or the maximum data size are exchanged in said 
plurality of communications devices connected to each other, 
and 

said determining module determines the maximum data size 
in common to said plurality of communications devices connected 
25 to each other. 

10 . A communications device according to claim 4, wherein 



said performance measuring module periodically measures the 
completion time of the operation, and 

said determination module periodically determines the 
maximum data size as a basis for the data transfer on the basis 
of the measured completion time. 

11. A communications device according to claim 5 , wherein 
said performance measuring module periodically measures the 
data transferring/receiving time. 



ABSTRRACT OF THE DISCLOSURE 
Disclosed are a function of automatically tuning a 
communication performance between the communications devices 
connected to a network and a function of periodically confirming 
and tuning the communication performance. In a plurality of 
communications devices capable of performing the 
communications by switching over a plurality of communication 
modes, the communication performance in each of the 
communication modes is previously measured under a plurality 
of communication conditions, there is obtained^ per 
communication condition, a condition-based optimum 
communication mode as a communication mode in which the 
communication performance in the specific communication mode 
exceeds a communication performance in other communication mode, 
the condition-based optimum communication mode is selected in 
accordance with the communication condition when in 
communications, and the communications are thus performed. 
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for which a patent is sought on the invention entitled 

a^yiMUNicATiasfs method and 

COMMUNICATIONS DEVICE 



hlZ%tyO)W&*5 (TK^m^X^JaiOV^TV^V^ . the specification of which is attached hereto unless the fotfowmg 

*2fK£fr) \ts box is checked; 



□ was ffied on _ 



as United States Application Number or 
PCT International Application Number 

and was amended on 

(if applicable}. 



feJi. ^jr^ffijfCaSffl^tf hSEJTiE^tf3*fla?f5:r*?tL. 1 hereby state that I have reviewed and understand the contents of 
^^^^^Lri^^HCClC^fllit. ,he above identified specification, including the cUims, as 

amended by any amendment referred to above. 



fc.it. iI35J£UtJ/££5jft 3 7 rSl£ 1 3: S 6 JHKliEift £ *v£ <b I acknowledge the duty to disclose information which is mrt*ri*ito 
J-j*). ^^^^<?>^«PtC^^rS3S^rf*J5rR3^^oS^^ 5 patentability a & defined in Titfe 37, Code ofFederai Relations, 

•h<> Z. XZft x 1" : Section 1.5S. 
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Burden Hour Statement This form iv e»timate4 to r*ke 0 4 hour* to oimplete. Tim< *ill viry depending upon the needs of th* iodivkJuaJ c«m. Any comments on the 
nmourt irt tim« yiHi *r« required to complete ihU t*»rm should he «nt io the Cruet Information Officer. Patent and Trademark Office. Washington, DC 20231. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO Ommisvuiner of' Patent* and Trademark*. w*j*hington. DC 2023 L 
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Aporoved for us* through OMB 0^1 -0032 

Patent arwd Trademark Ofnca: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no pe*sons are required to respond to a collection of information unless otspiarys 3 valid CW3 control numcer. 



Japanese Language Declaration 



*L'.:i. ^t£!&^£3 5)31 L 9 5* (a) - fd} 3 6 5^ 

ii'^r^c^tfi^^ 3 6 5 fa)J5S{k:i-r<^Sgtcs«. % 
; i tV !3J -? ^ « j±i id t L < J i ?8 9f ^* 5E (0 3 «a !C o <^ T CO ^ 

3= & £f 60 itf £ £ JSE £ fl fc It 5? * 7t ; t » 91 SO ^ 1 a*aSJBf$r£l 



Prior Foreign Application^) 
11-231 694 

{Number) 



Japan 



(Country) 



t hereby ctairn foreign priority under Trtfe 35, United States Code, 
Section 113 (aj-{d) or 3£S{bt of any foreign *ppi'tcaiion{s} for patent 
or inventor's certificate, or 265(a) of any PCT international 
application which designated at least one country other than the 
United States, fisted below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that ot the application on which priority is claimed. 

Priority Not Claimed 

18/08/1999 ***4.:a*t 

(Day/Month/Year Filed) ° 



( Number) 



(Country) 



(Day/Month/ Year Filed) 



;. 1*3 1 9^ (e) sjfCS^-CTSS?:)* 



t hereby claim the benefit under Title 35. United States Code, 
Section 119(e) of any United States provisional application^} Ksted 
beiow. 



(Application No ) 



(Filing Date) 



# • IS ic SJW $ v * * v * « a . <7; ;fc fr*IS W KhMW. s 



(Application No.; 



(Filing Gate) 



I hereby claim the benefit under Tfcie 35, United States Code, 
Section 120 of any United States applications), or 365(c) of any 
PCT international application designating the Untied Spates, listed 
betaw and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35. United States Code Section 112, I 
acknowledge the duty to discJose information which is mater ial to 
patentability as defined in Title 37, Code of federal Regulations, 
Section 1.5« which became available between the filing date of the 
prior application and the national or PCT International fifing date of 
application. 



(Application No.) (Filing Date) (Status: Patented, Pending. Abandoned) 



(Application No j (Filing Date) 

£ ic 'V r- h, is % o ^ A L>t ix > i n I <7 3 rf ^ i i >e SSsif? 



(Status: Patented. Pending, Abandoned) 

i hereby declare that all statements made herein of my own 
knowledge are true and that aH statements made on information 
and beiief are believed to be true; and further that these 
statements were made wrth the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title u of the 
United States Code and that such wiJIftd false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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PTO/SS/106(8-96) 
Approved for use through S/3CV96. OM8 0651-0032 
Patent and Trademaf* Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no person* am required to rtsoond to a cotfeciJon of information unJess t display* ? v^id OM8 control number. 

Japanese Language Declaration 



POWER OF ATTORNEY; As a named inventor. I hereby appoint 
the following actomey(s) and/or a<jent(s) to prosecute this 
application and transact atf business in the Patent and Trademark 
Office connected therewith (Jist n*mm and registration number) 



James D. Halsey, Jr„ 22,729; Harry John Staas, 22,010; David M. Pitcher, 25,908; John C. Garvey, 28,607; J. Randall Beckers, 30 t 358; 
William F. Herbert, 31,024; Richard A. Gollhofer, 31,106; Mark J. Henry, 36,162; Gene M. Garner li, 34,172; Michael D. Stem, 37,240; Paui 
I. Kravetz, 35,230; Gerald P. Joyce, HI, 37,648; Todd E, Mariette, 35,269; Harlan B. Williams, Jr M 34,756; George N. Stevens, 36,938; 
Michael C. Soldner, P-41,455 and William M. Schertler, 35,348 (agent) 

^5ic^t 7c Send Correspondence to: 



STAAS & HALSEZ 

700 Eleventh Street, N.W. 

Suite 500 

Washington, D-C. 20001 



Direct Telephone Calls to: (name and fe/epncne number) 



STAAS & HALSEY 
(202) 434-1500 







full name of soke or first inventor 
Kazuichi OOE 






inventor's signature Date 

?CcofuAL <3W* January 14, 2000 


{±& 




Residence 

Kawasaki-shi, Kanagawa, Japan 






Ctozenshcp Japanese 






Post Office Address c/o FUJITSU LIMITED, 1-1, 

Kamikodanaka 4-chome, Nakahara-ku f 


Kawasaki-shi, Kanagawa, 211-8588 Japan 






FisU name of second joint inventor, it any 






Second inventor's signature Date 


mm 




Residence 


mm 




Sitlzenship 






Post Office Address 





(3PEHia«^^f6l5S?1Vi*fCo^rt^Ii9ttw ft.* L • * £ £ *f (Supp4y similar information and signature for third and subsequent 
O-i) joint inventors.) 
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